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Illumination system comprising a radiation source and a fluorescent material 



5 

The present invention generally relates to an illumination system 
comprising a radiation source and a fluorescent material comprising a phosphor. The 
invention also relates to a phosphor for use in such an illumination system. 

More particularly, the invention relates to an illumination system and 
10 fluorescent material comprising a phosphor for the generation of specijBc, colored light, 
including white light, by luminescent down conversion and additive color mixing based 
on a ultraviolet or blue radiation emitting radiation source. A light- emitting diode as a 
radiation source is especially contemplated. 

Recently, various attempts have been made to make white light-emitting 
15 illumination systems by using light-emitting diodes as radiation sources. When 

generating white light with an arrangement of red, green and blue light-emitting diodes, 
there has been such a problem that white light of the desired tone cannot be generated 
due to variations in tlae tone, luminance and other factors of the light-emitting diodes. 

In order to solve these problems, there have been previously developed 
20 various illumination systems, which convert the color of light, which is emitted by light- 
emitting diodes, by means of a fluorescent material comprising a phosphor to provide a 
visible white light illumination. 

Previous illumination systems have been based in particvilar either on the 
trichromatic (RGB) approach, i.e. on the mixing of three colors, namely red, gi-een and 
25 blue, in which case the latter component may be provided by a phosphor or by the 
primary emission of the LED or in a second, simplified solution, on the dichromatic 
(BY) approach, mixing yellow and blue colors, in which case the yellow component 
may be provided by a yellow phosphor and the blue component may be provided by tlie 
primary emission of a blue LED. 

30 
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In particular, the dichromatic approach, as disclosed in e.g. U.S. Patent 
5,998,925, uses a blue light-emitting diode of InGaN semiconductor combined with an 
Y3Al50i2:Ce (YAG-Ce ^■*") phosphor. The YAG-Ce ^"^ phosphor is coated on the hiGaN 

5 LED, and a portion of the blue light emitted from the LED is converted into yellow light 
by the phosphor. Another portion of the blue light from the LED is transmitted through 
the phosphor. Thus, this system emits both blue light-emitted from the LED, and yellow 
light emitted from the phosphor. The mixture of blue and yellow emission bands is 
perceived as white light by an observer with a CRI in the middle 80s and a color 

10 temperature, Tc , that ranges from about 6000 K to about 8000 K. 

However, white light LEDs based on the dichiomatic approach can only 
be used to a limited extent for general-purpose illumination, on accoimt of their poor 
color rendering caused by the absence of red color components. 

Desirable white light lamp characteristics for general purposes are high 

15 brightness and high color rendering at economical cost. Improved efficiency and much 
improved color rendering ability is possible with the trichromatic lamp spectrxmi 
according to the RGB-approach having three emission bands: red at 590 to 630, green at 
520 to 560 and blue at 450 rmi. These wavelengths are near peaks in the CIE tristimulus 
fimctions, which are used to define colors. 

20 Unfortunately, until today no green emitter with sufficient efficiency and 

stability is known. 

Therefore, there is a need to provide new phosphors that are excitable in 
the near UX^-to-blue range and emit in the visible green range. It is also desirable to 
provide novel phosphor blends that emit light in a broad wavelength range from green 

25 to red so that tliey may be combined 

witli UV/blue LEDs to produce white light of high efficiency and/or liigh 
color rendering index ("CRI"). 

Thus the present invention provides an illumination system, comprising a 
radiation source and a fluorescent material comprising at least one phosphor capable of 

30 absorbing a portion of the light emitted by the radiation source and emitting light of a 
wavelength different from that of the absorbed light; wherein said at least one phosphor 



BNSDOCID: <WO__2004084261A2J_> 



wo 2004/084261 



PCT/1B2004/000733 



3 

is a garnet of general formula (Lui.x.y.a.bYxGdy)3(Ali-zGa^50i2:CeaPrb, wherein 0 < x < 
1, 0 < y < 1, 0 < z < 0.1, 0 < a < 0.2 and 0 < b < 0.1. 

Preferably the radiation source is selected from radiation sources having 
an emission with a peak emission wavelength in the range of 400 to 480 nm. 
5 Preferably the radiation source is a light-emitting diode. 

Another aspect of the present invention provides an illumination system 
comprising a fluorescent material comprising a garnet of general formula 
1 0 (Lui.x-y.a-bYxGdy)3(Ali.2Ga2)50i2:CeaPrb wherein 0<x<l,0<y<l,0< 

2 < 0.1, 0 < a < 0.2 and 0 < b < 0.1 and at least one second phosphor. 

In particular, the fluorescent material is a white liglit-emitting phosphor 
blend, comprising a garnet of general formula 

(Lui.x-y.a.bYxGdy)3(Ali.zGa2)50i2:CeaPrb. wherein 0<x<l,0<y<l,0< 
15 z < 0.1, 0 < a < 0.2, and 0 < b < 0.1 and a red phosphor. 

Such a red phosphor may be selected from the group of Eu(n)-activated 
phosphors, selected from the group (Cai-xSrx) S: Eu, wherein 0 < x < 1, and (Sr i-x- 
yBaxCay )2.2Si5.aAlaN8-aOa:Euz wherein 0<a<5, 0<x<l,0<y^l,andO<z<l. 

The concept for white-emitting LEDs according to the invention is based 
20 on a RGB mixture, i.e. the combination of a blue, red and green color. The essential 
factor is that tlie yellow-to-green and the red phosphors are so broad-banded that they 
also have a sufficient proportion of the emission throughout the whole spectral region. 

The emission spectrum of such a fluorescent material has the appropriate 
wavelengtlis to obtain together with the blue light of the LED and the green light of the 
25 gamet according to the invention a high quality white light with good color rendering at 
the required color temperature. 

Said white light illumination device has color coordinates substantially 
on a black body locus of a CIE chromaticity diagram. 

Yielding white light emission with high color rendering is possible by the 
30 use of red and green broad-band emitter phosphors covering the whole spectral range 
together with a blue-emitting LED. A blend using wide-band phosphors according to 
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the invention can have a relatively high color rendering index, even as high as 9 1-93 • 



Another aspect of the present invention provides a phosphor capable of 
5 absorbing a portion of the light emitted by the radiation source and emitting light of a 
wavelength different from that of the absorbed light; wherein said phosphor is a garnet 
of general formula 

(Lui.x-y-a-bYxGdy)3(Ali.2Gaz)50i2:CeaPrb. wherein 0<x<l,0<y<l,0< 
z < 0.1, 0 < a < 0.2 and 0 < b ^ 0.1 . 
10 These cerium-activated lutetium-alimiinum-gamet phosphors comprise a 

host garnet activated for photoluminescence or X-ray with appropriate ions, which 
include lutetium and cerium. These garnets may also include praseodymium and other 
cations including mixtures of cations as activators. 

The host garnets for these materials may be three-element (two cation) 
15 garnets such as lutetium aluminum garnet (LU3AI5O12), for example, or may comprise 
more that three elements such as lutetium-yttrium-aluminum gamet ((Lu,Y)3Al50i2) or 
lutetium-gallium-aluminum gamet ((Lu3(Al,Ga)50i2)> for example. 

The lutetivim concentration influences the color locus of the emission 
light when used in a light source, in particular an LED. The color locus of this phosphor 
20 can be additionally fine-tuned using tlie ratio of the two concentrations Lu:Ce, which 
simplifies or optimizes adaptation to any further (yellow or red) phosphors in the LED. 

In particulai', those gamet compositions, that have praseodymium as an 
activator cation present at low concentrations are particularly desirable since such 
compositions show a sharp line emission also in the red region of the visible spectrum . 
25 These phosphors are broad-band emitters wherein the visible emission is 

so broad that there is no 80 nm wavelength range where the visible emission is 
predominantly located. 

These garnets phosphors emit a broad band in the yellow-green spectral 
range of the visible spectrum with very high intensity under both UV and blue 
30 excitations and thus can provide the green component in LEDs, that emit specific colors 
or white light. Total conversion efficiency may be up to 90 %. Additional important 



BNSDOCID: <WO 2004084261A2 1 > 



wo 2004/084261 



PCT/1B2004/000733 



5 

characteristics of tlie phosphors include 1) resistance to thermal quenching of 
luminescence at typical device operating temperatures (e.g. 80®C); 2) lack of interfering 
reactivity with the encapsulatmg resins used in the device ; 3) suitable absorptive 
profiles to minimize dead absorption within the visible spectinun; 4) a temporally stable 

5 luminous output over the operating lifetime of the device and; 5) compositionally 
controlled tuning of the phosphor's excitation and emission properties. These garnet 
phosphors can be easily synthesized. 

Preferably, the fluorescent material of the illumination system comprises 
a phosphor of general formula 

10 (Lui.x.y.a-bYxGdy)3(AluzGa2)50i2:CeaPrb. wherein 0<x<l, y = 0, z = 0, 

a =0.01 andb=0. 

In particular, the invention relates to a specific phosphor composition 
(Luo.99Ceo.oi)3Al50i2 which exhibits a high quantum efficiency of 80 - 90 %, high 
absorbance in the range from 370 nm to 470 nm of 60-80% and low losses, below 10%, 

15 of the Iviminescent lumen output from room temperature to 100 ^'C due to thennal 
quenching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

FIG. 1 is a schematic view of a tri-color white LED lamp comprising a 
two-phosphor blend of the present invention positioned in a pathway of light emitted by 
an LED stmcture. 

25 FIG. 2 shows tlie coordinates of the phosphor mixture of 

(Luo.495Yo.495Ceo.oi)3Al50i2 and Sr Ga2S4:Eu in the chromaticity diagram of the 
Commission Internationals de I'Eclairage ("CIE"). Blends of these phosphors may be 
produced to have coordinates close to the black body locus. 

FIG. 3 discloses emission spectra of green LEDs upon excitation by a 
30 blue LED at 460 nm. 

FIG. 4 discloses emission spectra of white LEDs upon excitation by a 
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blue LED at 460 run. 

Fig. 5. discloses the excitation and emission spectra of 

(Luo.99Ceo.ol)3Al50i2. 

Fig. 6. discloses the excitation and emission spectra of 
5 (Luo.989Ceo.oiPro.ooi)3Al50i2. 

Fig. 7. discloses the excitation and emission spectra of 

(LUo.495Yo.495Ceo.Ol)3Al50i2. 



10 DETAILED DESCRIPTION OF THE INVENTION 

The present invention focuses on a cerium-activated lutetium-aluminum 
garnet as a phosphor in any configuration of an illumination system containing a 
radiation source, including but not limited to discharge lamps, fluorescent lamps, LEDs, 
15 LDs and X-ray tubes. As used herein, the term "radiation" encompasses radiation in the 
UV, IR and visible regions of the electromagnetic spectrum. 

While the use of the present phosphor is contemplated for a wide arra^^ of 
illumination devices, the present invention is described with particulai- reference to and 
finds particular appUcation in light-emitting diodes, especially UV- and blue-light- 
20 emitting diodes. 

The fluorescent material according to the invention comprises as a 
phosphor a cerium-activated lutetium-aluminum-garnet 

The phosphor conforms to the general formula (Lui-x.y^-bYxGdy)3(Ali- 
2Ga2)50i2:CeaPrb wherein 0<x<l,0<y<l,0<z< 0.1, 0 < a < 0.2 and 0 < b < 0.1. 
25 This class of phosphor material is based on activated luminescence of 

cubic garnet crystals. Gainets are a class of materials witii the crystal chemical fomiula 
A3B5O12. 

A gainet ciystal lattice has three different atomic occupying sites of 
dodecahedron octacoordination, octahedron hexacoordination and tetrahedron 
30 tetracoordination, in which the A cations are eight-coordinated with oxygens and the B 
cations are either octahedrally (six) or tetrahedrally (four) coordinated with oxygens. 
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The crystal structiire is cubic with 160 ions per unit cell containing eight formula units. 
In accordance with the present invention, the A cations are lutetium ions alone or in 
combination with yttrium and gadolinixun, in combinations and with activator 
substitutions of cerium and possibly praseodymiiun. The B cations may be aluminum 

5 and possibly gallium or other ions, again, alone, in combinations and/or with 

substitutions. In particular, it was foxmd that with activator ions substituted in the eight- 
coordinated or six-coordinated sites, these garnets are luminescent in response to X-ray 
stimulation, A paiticularly important activator ion, which is X-ray luminescent in this 
host material, is the Ce^^ ion located in eight-coordinated sites. 

10 Replacing some of the lutetium in a cerixmi-activated lutetium-aluminum 

garnet, Lu3Al50i2:Ce phosphor with a smaller ion such as gadolinium Gd^*** or yttrium 
Y^**" causes a shift in the phosphor's emission band ifrom green to the yellow range. 

Replacing some of the aluminum in a cerixmi-activated lutetium- 
aluminum gamet, LusAlsOioiCe phosphor with a larger ion such as gallium Ga^"*^ causes 

15 a shift in the phosphor's emission band from green to the blue range. 

Replacing some of the cerium in a cerium-activated lutetium-aluminmn 
garnet by praseodymiimi as a co-activator has the effect that the praseodymium 
produces secondary emission that is concentrated in the red region of the visible 
spectrum, instead of a typical broad-band secondary emission from cerium-activated 

20 lutetium-alimiinum phosphor which is generally centered in the yellow region of the 
visible spectrum. The amount of praseodymium as a co-activator can vary, depending 
on the amount of red color that may be required in the white output light for a particular 
application. 

Preferably these gamet phosphors may be coated with a thin, uniform 
25 layer of one or more compounds selected from the group formed by the fluorides and 
orthophosphates of the elements aluminum, scandium, yttriima, lanthanum gadolinium 
and lutetium, the oxides of aluminum, yttrium and lantiianum and the nitride of 
aluminum. 

The layer thickness customarily ranges from 0.001 to 0.2 \xm and, thus, is 
30 so thin that it can be penetrated by the radiation of the radiation source without 

substantial loss of energy. The coatings of these materials on the phosphor particles may 
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be applied, for example, by deposition from the gas phase or a wet-coating process. 

These phosphors are responsive to portions of the electromagnetic 
spectrum of higher energy than tlae visible portion of the spectrum. 

hi particular, the phosphors according to the invention are responsive to 
5 ultraviolet light as in fluorescent lamps and light-emitting diodes, visible light as in 
blue-emitting diodes, electrons (as in cathode ray tubes) and X-rays (as in radiography). 

The invention also relates to an illumuiation system comprising a 
radiation som*ce and a fluorescent material comprising at least one phosphor of general 
formula (Lui.x.y-a.bYxGdy)3(Ali.zGaz)50i2:CeaPrb wherein 0<x<l,0<y<l,0<z< 
10 0.1, 0 < a < 0.2 and 0 < b < 0.1. 

Radiation sources include semiconductor opticed radiation emitters and 
other devices that emit optical radiation in response to electrical excitation. 
Semiconductor optical radiation emitters include Ught-emitting diode LED chips, light- 
emitting polymers (LEPs), organic light-emitting devices (OLEDs), polymer light- 
15 emitting devices (PLEDs), etc. 

Moreover, light-emitting components such as those found in discharge 
lamps and fluorescent lamps, such as mercury low and high pressure discharge lamps, 
sulfur discharge lamps, and discharge lamps based an molecular radiators are also 
contemplated for use as radiation sources with the present inventive phosphor 
20 compositions. 

In a preferred embodiment of the invention, the radiation source is a 
light-emitting diode. 

Any configuration of an illumination system which includes a LED and a 
cerium-activated lutetium-aluminum garnet phosphor composition is contemplated in 
25 the present invention, preferably with the addition of other well-lcnown phosphors, 

which may be combined to achieve a specific color or white light when irradiated by a 
LED emitting prhnary UV or blue light as specified above. 

In a prefened embodiment of the invention the primary radiation source 
used is the radiation from a UV-emitting or blue-emitting LED chip. Particularly good 
30 results are achieved with a blue LED whose emission maximum lies at 400 to 480 nm. 
An optimum has been found to lie at 445 to 460 nm, talcing particvdar account of the 
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excitation spectrum of the garnet phosphors. 

A variant with particularly good color rendering is the joint xise of two 
phosphors, namely a green emitting cerium-activated lutetium-aluminum-garnet 
phosphor of general foraiula (Lui.x.y.a.bYxGdy)3(AluzGa2)50i2:CeaPrb wherein 0 < x < 1, 
5 0<y<l,0<z<0.1,0<a<0.2 and 0 <b < 0.1 together with a red phosphor from the 
red-emitting europium-activated phosphors selected from the group of (Cai-xSrx) S: Eu, 
wherein 0 < x < 1 and (Sr i.x-yBaxCay )2.zSi5-aAlaN8.aOa:Euz wherein 0<a<5, 0<x<l, 

0<y<l andO<z< 1. 

Preferably a europium-activated calcium strontium sulfide is xxsed, which 

10 is a high- chromaticity red phosphor excitable from the near UV (400 nm) to the blue- 
green (500 nm) with high quantum efficiency. For an optimized use of this phosphor for 
luminescent conversion of primary LED light, it is necessary to modify the 
photophysical characteristics to achieve, for example, efficacy, color specifications and 
hfe time of related light-emitting devices. The chromaticity and quantum efficiency of 

15 the europium-activated strontium sulfide can be modified tlirough the substitution of 
divalent metal ions for strontiiun from the list including Ba, Ca, Mg, and Zn. 



Tab. 1 



Phosphor composition 


^max [nm] 


Color point x, y 


SrS:Eu 


610 


0.627, 0.372 


(Sri.x-yCaxBay)2Si5N8:Eu 


615 


0.615, 0.384 


(Sr,.x.yCaxBay)2Si5.xAlxN8.xOx:Eu 


615 - 650 


♦depending on x,y 


CaS:Eu 


655 


0.700, 0.303 


(Sr,.xCax)S:Eu 


610-655 


* depending on x 



The phosphor blend comprises a mixture of predetemiined amounts and 



relative proportions of gamet-structured lutetium-aluminum oxide activated by cerium 
20 and calcium-strontium sulfide activated by divalent europium. The apatite structured 
material has a broad-band emission of visible radiation and the yttrium oxide material 
has a narrow emission in the red-orange region of the visible spectrum, while the 
relative phosphor proportions are such that the composite emission of the first phosphor 
layer falls approximately within the warm-white ellipse as inscribed on the x-y 
25 chromaticity diagram of the ICI system. 
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Especially preferred is a white emitting radiation source comprising an 
InGaN chip, emitting in the blue range of the visible spectrum with a peak emission at 
455 nm together with a phosphor blend comprising Lu3Al50i2:Ce and CaS.Eu with the 
corresponding spectial weight ratio blue:green:red =1.1:2.4:2.18 which emits white 
5 light with color coordinates x = 0.336 and y = 0.339 and a color rendering index of 83 
and a luminous efficiency of about 21 lumen/Watt. The spectra of such white-emitting 
LEDs comprising three dijBferent blends of Lu3Al50i2:Ce and CaS:Eu are given in Fig. 
4. 

A detailed construction of such a light-emitting device is shown in Fig. 1. 

10 FIG. 1 is a schematic view of the device of the present invention. The 

device comprises LED 1 . LED 1 is positioned in a reflector cup 2. LED 1 emits light in 
a pattern. A phosphor composition 4,5 is positioned in the pattem. The phosphor 
composition is embedded in a resin 3. In this example, reflector cup 2 can modify tlie 
light pattem if light is reflected into a space not previously covered by the initial light 

15 pattern (e.g. in the case of a parabolic reflector). It is understood that those skilled in 
the art can provide a reflector cup 2 in any shape that optimizes reflection of light back 
to phosphor composition 4,5, or optimizes the positioning of LED 1 to provide a light 
pattern for efficient conversion. For example, the walls of reflector cup 2 may be 
parabolic. 

20 In one embodiment, the device further comprises a polymer for 

encapsulating the phosphor or phosphor blend. In this embodiment, the phosphor or 
phosphor blend should exliibit high stabiUty properties in the encapsulant. Preferably, 
the polymer is optically clear to prevent significant light scattering. In one embodiment, 
the polymer is selected from the group consisting of epoxy and silicone resins. A variety 

25 of polymers are laaown in tlie LED industry for making LED lamps. Addition of the 
phosphor mixture to a liquid that is a polymer precursor can perform as encapsulation. 
For example, the phosphor mixture may be a powder. Introducing phosphor particles 
into a polymer precursor liquid results in formation of a slurry (i.e. a suspension of 
particles). Upon polymerization, the phosphor mixture is fixed rigidly in place by the 

30 encapsulation. In one embodiment, both the composition and the LED are encapsulated 
in the polymer. 
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The phosphors are applied either separately or in a mixture. The 
phosphors completely or partially absorb the light from the LED, which emits UV/blue 
light, and emit it again in other spectral regions (primarily yellow and green) in a 
sufficiently broad-band (specifically with a significant proportion of red) that an overall 
5 emission with the desired color point is fomied. 

The color pouits corresponding to a black body at various temperatures 
are given by the black body locus (BBL). Since the color emitted from a black body is 
considered to be white, and white light is generally desirable for a lamp, it is generally 
desirable that the color point of the Ught emitted from the limiinescent material of a 
10 luminescent lamp should Ue on or near the BBL. A portion of the BBL is shown in FIG. 
2 with three color temperature points highlighted on the BBL corresponding to white 
Ught-emitting LEDs, whose emission spectra are given in FIG. 4. 

Another figure of merit is the quality in rendering illuminated colors of a 
wliite light-emitting radiation source, which is indicated as the color rendering index 
1 5 (CRI). A CRl of 100 is an indication that the light emitted from the light source is 

similar to that from a black body source, i.e. an incandescent or halogen lamp. A CRI of 
85 to 95 can be attamed by applying a luminescent screen comprismg Lu3Al50i2:Ce and 
CaS:Eu in a blue-emitting LED. 

FIG. 4 shows the color coordinates of a range of illumination systems 
20 providing white light that can be produced fr om various combinations of blue LEDs and 
a cerium-activated lutetium-aluminum-garnet phosphor and CaS:Eu of the present 
invention. 

More than one phosphor of the present invention may be incorporated in 
the same device to provide a color adjustment. 

25 A finther group of embodiments is directed to a green-emitting 

illumination system with particularly good color rendering comprising the combination 
of a light-emitting semiconductor component which emits primary light in the blue 
spectral range from 420 to 480 nm together wherein a phosphor blend containing a 
green emitting cerium-activated lutetixim-aluminum gamet phosphor Lu3Al50i2:Ce, 

30 with the corresponding spectral weight ratio blue:green is chosen from 1 .0:2.4 to 1 .0:3 .5 
which emits green light with color coordinates x = 0.336 and y = 0.339 and a color 
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rendering index of 83 and a luminous efficiency of about 450 lumenAVatt. 

Due to the broad absorption band, the described phosphors exhibit 
suitable absorption or low reflectance in the disclosed spectral range from 370 nm to 
480 nm for the primary light emitted by the light-emitting semiconductor component. 
5 The green-emitting phosphor may be combined, if appropriate, with a 

further yellow or red-emitting phosphor for the production of specific colored light and 
more preferably for production of white light with a high color-rendering index of >80. 

As a result of the green-to-yellow broad-band emission, a green emission 
can be generated which is shown in some examples in FIG. 3 

1 0 Specific Example 

For the phosphor synthesis of a phosphor of general formula 
(Lui,x-y-a.bYxGdy)3(Ali.2Ga2)50i2:CeaPrb. wherein 0<x<l,0<y<l,0< 
z^0.1,0<a<0.2 and 0 < b < 0. 1 one or more of the starting materials may be oxygen- 
contauiing compounds such as oxides, nitrates, sulfates, acetates, citrates, or chlorates, 

15 wliich are soluble in a nitric acid solution. For example, amounts of LU2O3, A1(N03)3 
9H2 O, Ce(N03)36H20 and AIF3 arc blended and dissolved in a nitric acid solution. The 
strength of the acid solution is chosen to rapidly dissolve the oxygen-containing 
compounds and the choice is witliin the slcills of those slcilled in the art. The nitric acid 
solution is evaporated. The dried precipitate is ball milled or otherwise thoroughly 

20 blended and then calcined in a CO-atmosphere at about 1300'' C for a sufficient time to 
ensure a substantially complete dehydration of the starting material. The calcination 
may be carried out at a constant temperature. Alternatively, the calcination temperature 
may be ramped from ambient to and held at the final temperatxire for the duration of tlie 
calcination. After an intermittent milling step the calcined material is similarly fired at 

25 1500-1700° C under a reducing atmosphere such as H2, CO, or a mixture of one of these 
gases with an inert gas for a sufficient time for the decomposition of tiie oxygen- 
containing compounds to convert all of the calcined material to the desired phosphor 
composition. 

The resulting powder is milled on a roller bench for several hours. The 
30 milled powder has an average particle size of 40 to 60 |J.m. 

Its quantum efficiency is 90 % and its limiinous efficiency is between 
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430 and 470 ImAV. The color point is at x = 0.33 to 0.38, y = 0.57 to 0.58. 
Table 2 



Phosphor composition 




Color point x, y 


(Luo.99Ceo.oi)3AlsOi2 


515 + 540 


0.339, 0.579 


(Luo.989Ceo.oiPro.ooi)3Al50i2 


515 + 540 + 610 


0.332, 0.574 


(Luo.495Yo.495Ceo.Ol)3Al50i2 


525 + 550 


0.377,0.570 


(LUo.75Gdo.24Ceo.Ol)3Al50i2 


520 + 545 


0.350, 0.573 



InFIGs. 5,6,7 of the drawings accompanying this specification, the 



emission spectra of variotis compounds are given. When excited with radiation of 355 
5 nm wavelength, these gai'net phosphors are foxmd to give a broad-band emission, which 
peaks at 515 nm. 

FIG. 5 of the drawings accompanying this specification shows excitation 
and emission spectra for the composition (Luo.99Ceo.oi)3Ai50i2. 

FIG. 6 of the drawings accompanying this specification shows excitation 
1 0 and emission spectia for the composition (Luo.495 Yo,495Ceo.oi)3 AI50 12. 

FIG. 7 shows that (Luo.gsQCeo.oiPro.ooOsAlsOi^, when scanned for 
excitation is found to have a broad band (515 - 540 nm) excitation with a peak 
extending from 515 - 540 nm and a side band at 610 nm. 

It is also clear fiom the excitation spectra that these cerium-activated 
1 5 lutetium-aluminum-gamet phosphors can be efficiently excited with radiation of 
wavelength 254 as well as 355 and 420 nm. 

For manufacturing a wlaite illumination system based on a 460 nm 
emitting InGaN LED, a phosphor blend comprising at least one garnet of general 
formula 

20 (Lui.x.y^.bYxGdy)3(Ali.2Gaz)50i2:CeaPrb wherem 0<x<l,0<y<l,0< 

z < 0. 1, 0 < a < 0.2 and 0 < b < 0. 1 and one of the red phosphors according to Tab. 2 is 
suspended into a silicone precursor. A droplet of this suspension is deposited onto the 
LED chip and subsequently polymerized. A plastic lens seals the LED. 
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CLAIMS: 



1- Dlumination system comprising a radiation source and a fluorescent 

material comprising at least one phosphor capable of absorbing a portion of the Ught 
emitted by the radiation source and emitting light of a wavelength different from that of 
the absorbed Hght; wherein said at least one phosphor is a garnet of general fomiula 
5 (Lui,x.y.a-bYxGdy)3(Ali.zGa2)50i2:CeaPrb wherein 0<x<l,0<y<l,0< 

z ^ 0.1, 0 < a < 0.2 and 0 < b < 0.1. 

2. lUiimination system according to claim 1, wherein the radiation source is 
selected from the radiation sources having an emission vnih a peak emission 

10 wavelength ina range of 400 to 480 mn. 

3. Illumination system according to claim 1, wherein tlie radiation source is 
a light-emitting diode. 

1 5 4. Illumination system according to claim 1 , wherein the fluorescent 

material is a phosphor blend comprising a garnet of general formula 

(Lui.x.y-a-bYxGdy)3(Ali.2Ga2)50i2:CeaPrb wherein 0<x<l,0<y<l,0< 
z < 0.1, 0 < a < 0.2 and 0 < b < 0.1 and at least one second phosphor. 

20 5. Illumination system according to claim 1, wherein tlie radiation source is 

a blue-emitting diode and the fluorescent material is a phosphor blend comprising a 
gamet of general formula 

OLui.x-y-a-bYxGdy)3(Ali.2Ga^50i2:CeaPrb. wherein 0<x<l,0<y<l,0< 
z ^ 0. 1, 0 < a < 0.2 and 0 < b < 0. 1 and a red phosphor. 

25 
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6. lUximination system according to claim 5, wherein the fluorescent 
material is a phosphor blend comprising a garnet of general formula (Lui-x-y-a- 
bYxGdy)3(Ali-zGa2)50i2:CeaPrb wherein 0<x<l,0<y<l,0<z^0.1,0<a^0.2and 
0 < b ^ 0. 1 and a red phosphor selected from the group of Eu(II)-activated phosphors, 

5 

7. Illumination system according to claim 5, wherein the fluorescent 
material is a phosphor blend comprising a gamet of general formula (Lui.x-y-a- 
bYxGdy)3(Ali.zGaz)50i2:CeaPrb wherein 0 < x < 1, 0 < y < 1, 0 < z < 0.1, 0 < a < 0.2 and 
0 < b < 0.1 and a red phosphor selected from the group 

10 (Cai.xSrx) S:Eu, wherein 0 < x < 1 and (Sr i-x-yBaxCay )2-2Si5.aAlaN8. 

aOaiEuz wherein 0<a<5, 0<x<l, 0<y<landO<z<l. 

8. Phosphor capable of absorbing a portion of the light emitted by a 
radiation source and emitting light of a wavelength different from that of the absorbed 

15 light; wherein said phosphor is an gamet of general formula 

(Lui.x-y-a-bYxGdy)3(Ali.2Gaz)50i2:CeaPrb wherein 0<x<l,0<y<l,0< 
z ^ 0.1, 0 < a < 0.2 and 0 < b < 0.1. 

9. Phosphor accordmg to claim 8, wherein the phosphor has a coating 
20 selected from the group of fluorides and orthophosphates of the elements aluminum, 

scandium, j^ium, lanthanum, gadolinium and lutetium, tlie oxides of aluminum, 
yttrium and lanthanum and the nitride of aluminum. 
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